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) MEMORANDUM REPORT
for the

Army Air Forces, Alr Technlcal Service Command
KNOCK-LIMITED PERFORMANCE QOF SIX AROMATIC AMINES
BLENDED WITH A BASE FUEL IN A FULL-SCALE
ATRCRAFT-ENGINE CYLIRDER

By Anthony W. Jones, Arthur W. Bull
and Edmund R. Jonash

SUMMARY

Tostas were made to investigate the effect of Z2-percent addltions
of six aromatic emines on the knock-limited performance of 28-R fuel
in a full-scaele alrcraft-engine cylinder. Tests were conducted with
e Wright R-1820 G200 cylinder at two operating conditions wlth a
2-percent blend in 28-R fuel of the followlng six aromatic amlnes:
N-methylxylidines (mixed isomers), N-methylcumidines (mixed isomers),
N-methyltoluidines (75 percent p-, 25 percent o-), xylidines (mixed
isomers), cumidines (mixed isomers from refinery cumene), and
N-methylaniline (pure). Correlations of the full-scale engine data
with publlished small-scale engline data are also presented.

The results are summarized in the following table:
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RATTNGS OBTAINED IN A WRIGHT R-1820 G200 CYLINDER

[For each compound there are two rows of values.
The first row 1s imep, 1b/sq in.; the second is
imep ratio, which 1s the ratio of the imep of
98 percent 28-R fuel plus 2 percent aromatic
amine to the imep of 28-R.]

Concen-~ Engine speed, 2000 rpm; inlet-
tration alr temperature, 210° F -
in 28-R |Spark advance, |Spark advance,
fuel®  |20° B.T.C.; 30° B.T.C.;
Compound (percent |atmospheric exhaust pressure,
by wt.) jexhaust pressure|l5 in. Hg absolute
Fuel-alr ratio Fuel-alr ratio
.07 0.10 0.07 0.10
N-mothylxylidines 2 193 283 184 249
(mixed isomers) 1.25 1.12 1.03 1.06
N-methylcumlidines 208 290 194 259
(mixed isomsrs) 2 1.54 | 1.15 1.08 | 1.10
N-methyltoluidines 216 288 187 260
(75 percent p-, 2 1.39 | 1.1¢ 1.05 | 1.10
25 percent 9_%)
Xylidines 192 280 184 257
(mixed isomers) 2 1.24 | 1.11 1.03 | 1.09
Cumidines (mixed 2 200 282 188 250
isomers from 1.29 1.1 1.05 1.06
refinsry cumene)
N-methylaniline 2 210 290 130 262
_(pure) 1.36 1.15 1.06 ! 1.11
Base fusl (28-R) 100 155 253 179 236
1.00 1.00 | 1.00 1.00

inal tetraethyl-lead content in blends, 4.44 ml/gal.

INTRODUCTION

A goeneral investlgatlion to determine the effectiveness of
aromatlc amines as antiknock addltives for evlation fuels 18 belng
conducted at the Cleveland laboratory of the NACA at the request of
the Army Air Forces, Air Technical Service Command. Two=-percent
blends of approximately 45 aromatic amines in 28-R fuel have been
tosted with an F-3 and an F-4 engine and the results are rerported
in references 1 to 4. The results of these tests, the physical
properties of the amines (references 5 to 7), and the feasibility
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of their preparation were the deciding factors in the selection of
six aromatic amines for tests in a full-scale alrcraft-engine
cylinder.

The present report glves the results of knock tests, conducted
between November 1944 and February 1945, using 2 percent of each of
the six aromatic amines blended with 28-R fuel at two operating
conditions in a Wright R-1820 G200 cylinder. The full-scale engine
data are correlated with CFR engine data taken from references 2 to 4.

FUELS

The Organlic Synthesis Section of the Fuels and Lubricants
Divlislon prepared approximately 10 pounds of each of the followlng
unleaded aromatic amine fuels:

N-methylxylidines (mixed 1somers)

N-methylcumidines (mixed isomers)
N-methyltoluidines (75 percent p-, 25 percent o-)

Xylidines (mixed isomers)

Cumidines (mixed isomers from refinery ocumens)

N-methylaniline (pure)

The aromatic amine fuels were mlxed with 29-R, which is a
grade 100/130 fuel, to form blends of 2 percent aromatic emine and
98 percent base fuel by welght. Because the hase fuel contalns
4.55 ml TEL per gallon, the tetraethyl-lead concentration of the
final aromatlc amine blend was 4.44 milliliters per gallon.

APPARATUS AND TEST PROCEDURE

Apparatus. - The tests were conducted with a Wright R-1820 G200
cyllnder mounted on a CUE crankcase. The auxiliary epparatus used
in these tests was similar 'bo that described in reference 8 except
that a heat exchanger was Installed in the cooling-air line to
control the cooling-air temperature and the exhaust system was so
modified that thé engine could be operated either at atmospheric
Pressure or at a reduced exhaust pressure.



4 . NACA MR No. ESDO4

Test conditions. ~ The flxed engine conditlions were:

Engine speed, IPM . « « o « 2 ¢ =« o « s o o s o & « s+ o s « 2000
Inlet-air temperature, °F . . « o = ¢ + & ¢ o ¢ ¢« » s &+ o « . 210
Compression ratio . « +» ¢ ¢« ¢« ¢ ¢ ¢ o o o o o o . . « 1.3
0il flow to pilston Jots, pounds per minute . .. . . .. .. . 8
Oil-in temperature, °F . . . . + « ¢« « « « « « +» « » . 180 to 185
Fuol temperature at entrance to $njection pump, oF . . . 80 %o 80
Cocling-alr temporature, °F . . . . . . . t e e s e s .. B5 13
Spark advanca, degrecs B.T.C. (both plugs) . .. . 20 and 3

Exhaust pressurs, Inches of msreury absolute . . . 29 10.5 end 15
Valvn timing:

Intakc opens, degrees B.T.C. . . . . ¢ &« & 2 o ¢ » o & « & o 15
Inteks closes, degrecs AB.C. . . « . ¢« + . . R T
Exhaust opans, degrees B.B.C. . . . . « . . . » voe e e e T4
Exhaust closos, dogress A.T.Co . 4 2« s « o o o s ¢ » & .+ « 25

The cooling-air flow was dotermined for each test by operauting
tho engine at 2 brake mean offective yressure of 140 pounds per
square inch and a fusl-air ratlio of 0.).0 end by ad justing tho
dempor valve in thc coouling-air line until a rear spark-plug-bushing
temperature uf 3657 F was rooched. Tho cooling-alr pressure drop
across the cylinder thvs determined was msintalned constant for each
tost.

The mixture-response curvesd wure determinod at two operating
conditions: (a) simuluted cruise conditlons rocommended by the
Coordinating Research Councll, which specify an engins speed of
2000 rpm, an inlet-eir temperature of Z10° F, a spark advance of
20° B,T.C., and atmnspheric oxhuust pressure; and (b) a modificetion
of these CRC condltions that consisted in an advance spark settlinzg
of 30° B.T.C, and a reducud exhavst pressurc of 15 1o hes of mercury
atsoiute. The sxhaust prossure of 15 inches of mercury was chosen
in view of tuet rosults reported in reference 9, in which a critical
relation was shown to exiat betwoon manifold and sxhaust pressures
and knock-limlited power in the lean reglon where the manifold pres-
sure is within +10 or -5 inches mercury‘of the exhauat pressurs.

The spark asdvenoce of 30° B.T.C. was chosen because of tho interest
in aircraft-engine operation at edvanced spark undor crulsing
conditions.
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of thelr preparation were the declding factors in the selectlon of
8lx aromatlic amines for tests in a full-scale alrcraft-engine
¢cylinder.
The present report gives the results of knock tests, conducted
between November 1544 and February 1945, using 2 percent of each of
the six arometic amines blended wlth 28-R fuel at two operating
conditions in a Wright R-1820 G200 cylinder. The full-scale engine
date are correlated with CFR engine data taken from references 2 to 4.

FUELS
The Organic Synthesls Section of the Fuels and Lubricants

Division prepared approximately 10 pounds of each of the following
unleaded aromatic amine fuels:

N-methylxylidines (mixed isomers)
N-methylcumidines (mixed iscmers)
N-methyltoluidines (75 percent p-, 25 percent o-)

Xylidines (mixed iscmers)

Cumidines (mixed 1somers from refinery cumene)

N-methylaniline (pure)

The aromstic amlne fuels were mixed with 29-R, which is a
grade 100/130 fuel, to form blends of 2 percent a.roma.tic emine and
98 percent base fuel by welght. Because the base fuel contalns
4.55 ml TEL per gallon, the tetraethyl-lead concentration of the
final aromatic amine blend was 4.44 milliliters per gallon.

APPARATUS AND TEST PROCEDURE

Apparatus. - The tests were conducted with a Wright R-1520 G200
cylinder mounted on a CUE crankcase. The auxiliary apparatus used
in these tests was similar to that described in reference 8 except
that a heat exchanger was installed in the cooling-alr lime to
ocontrol the coolling-air temperature and the exhaust system was so
modified that thé engine could be operated elther et atmospheric
Pressure or at a reduced exhaust pressure.
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The F-3 ratings of three of the arcmatic amine fuel blends
are presented 1n the following table, which lndlcates that the
blend of cumidines gave the best performance when compared with
N-methylcumidines and N-methylxylldines.

F-3 RATINGS OF 2-PERCENT BLENDS OF ARCMATIC AMINES AND 28-R FUEL

Concentration
in 28-R fuel? F-3 ratings
Compound (percent by |S~-3 + ml TEL|Performance
wt.) number
28-R b 100 i 0 100
N-methylxylidines 2 06 102
N-methylcumidines? 2 .04 102
Cumidines® 2 .13 105

8Final tetraethyl-lead content in blends, 4.44 ml/gal.
bData from reference 4.
C®Data from reference 3.

Correlation of Full-Scale and Small-Scale Engine Results

The correlation of the Wright R-1820 G200 cylinder data wlth
the CFR engine deta from references 2 to 4 is presented in figures 3,
4, and 5. The date in figure 3 lndicate that at a fuel-alr ratio
~f 0,07 the Wrlght R-1820 G200 cylinder at both operating comditlons
gives & higher rating to the eromatlic amlne blends than the F~4
englne. At a fuel-air ratiou of 0.10 the F-4 data agree favorebly
with the R-1820 G200 data at modified CRC crulse conditlons.

The correlation between the Wright R-1820 G200 -:; llnder data
and the CFR modification A (fig. 4) is better than thst with the
F-4 ratings 1n the lean region. The agreement is good in the rich
reglion, especially for the R-1820 G200 oylinder at CRC cruise con-
ditions., The correlation between the data for the R-1820 G200 cyl-
inder and the data for the CFR modification B (fig. 5) 1s also better
then that with the F-4 engine in the lean reglon. In the rich reglon
the agreement is better at the specifled CRC cruise condliticns then
at the modified crulse conditiomns.

Phis 1nvestigation indicates that an F-4 engine run at the
CFR modification A conditions glves results which more closely
approximate those obtained in a full-scale alvrcraft-engine cylinder
than either of the other two small-scale methods studled.
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SUMMARY (F RESULIS

From tests to determine the antiknock effectiveness of 2-percent
additions of six-aromatic amines-to 20-R fuel at two operating con-
ditions in a Wright R-1820 G200 cylinder, the followlng results were
obtalned:

1. All the six aromatic emine blends increased the knock-limlted
power of the base fuel at both operating conditlons throughout the
fuel-alr-ratio range. °

2. At a fuel-alr ratio of ‘0.065, the greatest increases in the
knock~1limited performance of the base fuel were observed with the
blends of N-methyltoluldines, N-methyloumidines, and N-methylaniline
at the CRC cruise condltions, and wlth the blends of N-methylcumidines
and N-methylanlline at the modified orulse conditions.

3. At a fuel-air ratio of 0.10, N-methylcumidines, N-methyl-
toluldines, and N-methylaniline gave approximately the same knock-
limited performance; the increase over the base fuel was greater at
the CRC crulse condltions than at the modified cruise conditions.

Alrcraft Engine Research Laboratory,
National Advisory Commlttee for Aeronautics,
Cleveland, Chlo, April 4, 1945,
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TABLE I - COMPARISON OF RATINGS OBRTAINED IN A WRIGHT R-1820 G200 CYLINDER WITH CFR ENGINE RATINGS

[For each compound there are two rows of values.

The first row 1s imep,

1b/sq in.; the second is Imep ratio, which is the ratio of the imep of
98 percent 28-R fuel plus 2 percent aromatlc amine to the imep of 28-RJ

Concen- CFR engine ratlngs Wright R-1820 G200 ratings Bolling
tration F-4 Modification A|Modiffcation B (Engine speed,°2000 rpm; inlet-air tem- point of
én ig-ﬂ (inlet-aip (inlet-air ({nlet-air perature, 210° F; compression ratio, 7.3) a?%n3
ue temperature, | temperature, | temperature, [spark advance, 200 B.T.C.;|Spark advance, 300 B.T.C.| ¢ F
Compound (g;’::?§ §§5:n§; spark igsfnié spark igsanié spark|exhaust pressure, 29 #0.5 |exhaust pressure, 15 in. '
: s ’ ’ in. Hg absolute H, bsolute
450 B.7.C.) | 30° B.T.C.) | 30° B.T.C.) g avsotu & abe
Puel-air ratlofFuel-air ratio|kuel-air ratio Fuel-air ratlo Fuel-air ratio
0.07 0.10 | 0.07 0.10 | 0.07 0.1¢ [0.065]0.07] 0.08] 0.09] 0.10 Jo.065[0.07]0.08] 0.09] 0.10
N-methylxylidines P Sttt bl Fontrtd tbad taed Ky 164 |193 | 222 | 256 | 283 173 | 184 |209 |232 1249 | .0 .
(mixed isomers) b1.03 | ¥1.05 {b1,05 [ 1,10 fb1.13 | P1.10 | 1.16|1.25/ 1,06/ 1.09|1.12 | 1.08{1.03{1.03]1.03]1.06 26 - 446
N-methylcumidines | . |====-=|=smemec]omecca]mommafoeo it 195 [208 1245 (272 1200 | 182 194 220 [245 |289 |, 468
(mixed isomers) 2 bo.ge | P1.11 [P1.11 [ P17 |br.ie [D1.1e | 1.28[1.34|1.17|1.1€f1.15 | 1.10[1.08[1.08]1.08]1.10]%"
N-methyltoluidines P it istunind Seetuitel ettt el EEEEEEE 198 | 216 | 244 [ 275 | 288 178 {187 |204 [239 | 260 405 - 415
(75% p-, 288 o-) | ©  Jeeemeofemmemnemeee ] me e e [ e 1.28(1.39]1.17[1.17{1.14 | 1.07]1.05]{1.01]1.06]|1.10
Xylidlnes | |emeemeemcemoe oo e e e 17 |192 |230 |2s7 J2s0 | 173 | 184 214 |237 | 257
{mixed isomers) N [ T [ETTRuY (RSO [EPOu, PU— t.ze|1l.24[1.10]1.09]2.10 | 1.04|1.08[1.05)1.05]1.09]416 - 429
Curidines (from | | el e a2 - :
------------ 184 |200 |237 | 257 |282 173 {188 [215 {232 |250
refinery cumene - 2 €102 | 1,04 [®1.20 | €1.07 Jer.09 | ©1.21 | 1.32]1.29)1.13]1.00]1.11 | 1.04|1.05[1.0€|1.03| 106|428 - 442
mixed fsomers)
--------------------------------------- 192 [210 [240 | 269 [290 | 181 |190 |18 |240 262 |, .
N-methylaniline 2 [d0.99 [@1.10 |d1.15 | d1.15 [91.15 [91.11 | 1.3¢[1.36|1.181.14)1.15 | 1.09|1.06[1.07|1.06]1.12|%82 - 385
Base fuel (28-R) 100 |===emefomemmmmfre e fmm e e et 141 155 |z09 |235 253 166|179 203 |226 |236 |_1____ __
1.00 | 1.00 | 1.0 | 1.00 | 1.00 [ 1.00 [ 1.00{1.00|1.00{1.0{1.90 | 1.00}1.00]1.00{1.00|1.00

|

Final tetraethyl-lead content in blends, 4.44 ml/gal.

L o o

Data from reference 4.

Duta from reference 3.

Data from reference 2.
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Knock-limited inlet-air

pressure, in. Hg abs,

isfc, lb/hp=hr

Knock-limited imep, 1b/sq in.
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Figure |, — Knock-limited performance of blends of 28-R fuel containing 2-percent aromatic
amines at atmospheric exhaust pressure and a spark advance of 20° B.T.C. Wright R-1820 G200-
cylinder; engine speed, 2000 rpm; inlet-air temperature, 210° F; compression ratio, 7.3;
cooling air adjusted at 140 bmep and 0.10 fuel-air ratio to give a rear spark-plug-bushing
temperature of 365° F.
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Figure 2. - Knock-limited performance of blends of 28-R fuel containing 2-percent aromatic
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Figure 2. - Concluded. Knock-limited performance of blends of 28~R fuel containing 2-percent
aromatic amines at an exhaust pressure of 15 inches of mercury absolute and a spark advance

of 30° B.T.C.

Wright R-1820 3200 cylinder; engine speed, 2000 rpm; inlet-air temperature,

210° F; compression ratio, 7.3; cooling air adjusted at 140 bmep and 0.10 fuel-air ratio to
give a rear spark-plug-bushing temperature of 363° F.
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Figure 4. - Correlation of Wright R-1%20 G200 engine data with CFR modification A engine data.
¥right R-1820 G200 conditions: engine speed, 2000 rpm; compression ratio, 7.3; inlet-air
temperature, 210° F; cooling air adjusted at 140 bmep and 0,10 fuel-air ratio to give a

rear spark-plug-bushing temperature of 365° F.

CFR modification A conditions: inlet-air

temperature, 2500 F; spark advance, 30° B.T.C,; coolant temperature, 2500 F,
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Figure 5, = Correlation of Wright R-lSEO G200 engine data with CFR modification B engine
data, Wright R=1820 G200 conditlons. engine speed, 2000 rpm; compression ratio, 7.3;
inlet-alr temperature, 210° F; cooling air adjusted at 140 bmep and 0,10 fuel-air ratio
to glve a rear spark-plug-bushing temperature of 365° F, CFR modification B conditions:
inlet-air temperature, 1500 F; spark advance, 30° B,T.C.; coolant temperature, 250° F,
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